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ABSTRACT

Purpose/Background: Abnormalities in glenohumeral rhythm and neuromuscular control of the upper tra-
pezius (UT), middle trapezius (MT), lower trapezius (LT) and serratus anterior (SA) muscles have been iden-
tified in individuals with shoulder pain. Upper extremity diagonal or proprioceptive neuromuscular facilitation 
(PNF) patterns have been suggested as effective means of activating scapular muscles, yet few studies have 
compared muscular activation during diagonal patterns with varying modes of resistance. The purpose of this 
study is to determine which type of resistance and PNF pattern combination best elicits electromyographic 
(EMG) activity of the scapular muscles.

Methods: Twenty one healthy subjects with no history of scapulohumeral dysfunction were recruited from 
a population of convenience. Surface electrodes were applied to the SA, UT, MT and LT and EMG data col-
lected for each muscle as the subject performed resisted UE D1 flexion, UE D1 extension, UE D2 flexion and 
UE D2 extension with elastic resistance and a three pound weight.

Results: No significant differences were found between scapular muscle activity during D1 flexion when 
using elastic resistance and when using a weight. UT, MT and LT values were also not significantly different 
during D2 flexion when using elastic resistance vs. using a weight. The activity of the SA remained relatively 
the same during all patterns. The LT activity was significantly greater during D2 flexion with elastic resist-
ance than during the D1 flexion and D1 extension with elastic resistance. MT activity was significantly 
greater during D2 flexion with elastic resistance as compared to all other patterns except D2 flexion with a 
weight. UT activity was significantly greater during flexion patterns than extension patterns. 

Conclusions: The upper extremity PNF pattern did significantly affect the mean UT, MT and LT activity but 
was not found to significantly affect SA activity. The type of resistance did not significantly change muscle 
activity when used in the same diagonal patterns. 

Key Words: elastic resistance, electromyography, proprioceptive neuromuscular facilitation, scapular 
musculature 
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INTRODUCTION
In the normal shoulder complex with full function, 
the humerus and the scapula must move in a predict-
able pattern or demonstrate “a normal scapulohumeral 
rhythm.” When viewed in the scapular plane, a posi-
tion midway between a sagittal and frontal plane, 
scapulohumeral rhythm is a progressive upward rota-
tion of the scapula accompanied by a decrease in 
internal rotation and movement from an anteriorly 
tipped position to a posteriorly tipped position of the 
scapula as the humerus elevates during overhead 
movement. In a patient with dysfunction of the shoul-
der complex, scapulohumeral rhythm may be altered 
and has been shown to be present in patients with 
shoulder pathologies such as impingement, shoulder 
instability, and frozen shoulder syndromes.1-4 Given 
that dysfunction of the shoulder complex is estimated 
to effect approximately 7-36% of the population, a 
clear understanding of shoulder movement is impor-
tant to health care professionals and their patients.5 

The presence or absence of normal scapulohumeral 
rhythm is largely dependent on the appropriate firing 
pattern of the muscles providing dynamic support 
about the shoulder complex. Muscles which are cru-
cial to scapular movement include the upper trape-
zius, middle trapezius, lower trapezius, rhomboids, 
and serratus anterior muscles while the rotator cuff 
muscles (supraspinatus, infraspinatus, teres minor, 
and subscapularis) are important to humeral stability. 
Some evidence documents altered recruitment in the 
scapular stabilizing musculature in patients with 
shoulder pathologies2-4,6 but it is unclear as to whether 
the alterations in patterns precede the development 
of the pathology or occur as a result of the altered 
mechanics of the shoulder complex.7

Physical therapy interventions designed to restore 
normal scapulohumeral rhythm frequently include 
exercises that focus on the scapular muscles. Move-
ments recommended for strengthening the upper tra-
pezius include rowing, the military press and shoulder 
shrugging while exercises that maximize EMG activ-
ity of the middle trapezius include horizontal abduc-
tion, shoulder extension, overhead arm raise in a 
prone position, and rowing. Shoulder abduction, row-
ing, horizontal abduction and overhead arm raises in 
prone or sidelying maximize lower trapezius activity 
while shoulder flexion, shoulder abduction, scapular 

plane abduction above shoulder height maximize ser-
ratus anterior activity.8,9 

Diagonal patterns of the upper extremity are often 
included in exercises thought to affect recruitment 
of the scapular muscles. Traditional proprioceptive 
neuromuscular facilitation (PNF) interventions 
focus on functional diagonal patterns of movement 
to improve both muscular strength and flexibility as 
well as utilize sensory cues such as cutaneous, visual, 
and auditory stimuli to improve neuromuscular con-
trol and function. Incorporation of the elementary 
movements of these patterns into shoulder rehabili-
tation programs may also be effective in increasing 
scapular muscle activation.9-11 

While the selection of the type of exercise movement 
or pattern to incorporate into a rehabilitation program 
to activate the desired muscle(s) is an important con-
sideration, the selection of resistance to achieve the 
appropriate intensity and type of muscle activation is 
also vital. Training intensities of greater than 60% are 
often recommended and multiple methods of resis-
tance exist for achieving that intensity. Common in 
both clinical and home settings are the use of free 
weights and/or the use of elastic tubing to provide the 
resistance needed to approach the prescribed level 
of muscle activation. Traditionally, weights have pro-
vided concentric and eccentric resistance with torque 
on a muscle varying with positional changes. Use of 
elastic tubing has been suggested as an alternative to 
weights due to low cost, portability, and increasing 
resistance that occurs throughout the exercise move-
ment. Andersen et al12 used surface electromyogra-
phy (EMG) to compare the effects of free weights and 
elastic tubing on the upper trapezius, middle deltoid, 
and infraspinatus EMG output. The authors reported 
that during a standing lateral raise of the arm and dur-
ing sidelying external rotation of the glenohumeral 
joint, normalized EMG output was not significantly 
different between conditions using free weight or 
elastic tubing. However, Page and associates13 suggest 
that elastic resistance may have some advantages 
over free weights. They measured isokinetic torque 
output at 60º/sec during a D2 flexion and extension 
pattern and found greater output following an exer-
cise program where subjects trained using elastic 
resistance as compared to those who trained using 
free weights. 
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Because diagonal patterns are commonly used clini-
cally to recruit scapular muscles and resistance dur-
ing these patterns can be applied using weights or 
elastic resistance, studying both methods of resis-
tance during diagonal patterns would be of assis-
tance when choosing an exercise to strengthen 
selected scapular muscles. The aim of this study was 
to investigate the level of muscle activation that 
occurred in the scapular muscles during diagonal 
patterns using weights and elastic resistance, as 
measured by surface EMG. The null hypothesis was 
that the levels of EMG activity of the scapular mus-
cles would be similar in all patterns with both types 
of resistance. 

Methods

Participants
The study was performed on a population of conve-
nience. Twenty-one volunteers (6 male and 15 female)
whose age ranged from 21-37 years (mean = 25.3 
yrs) participated in the study. All subjects signed an 
informed consent form that had been approved by 
the Institutional Review Board at the authors’ 
research facility. Subjects were not compensated for 
participation. Information regarding subject medical 
history was obtained through a self-report survey 
and questioning by the investigators. Exclusion cri-
teria included a history of cardiovascular problems 
requiring medical treatment, and any individuals 
with medical conditions or problems which would 
prevent them from putting forth maximal effort. 
Subjects who reported pain in the shoulder or scapu-
lar region within the last 6 weeks; those who had a 
history of biomechanical problems of the shoulder 
including dislocation, subluxation of the glenohu-
meral joint or dyskinesis of the scapula; had a his-
tory of rotator cuff tear or repair, unhealed fracture, 
current nerve damage to the shoulder; or were cur-
rently undergoing diagnostic testing or treatment 
for shoulder problems were excluded. 

Procedures
As a warm up, subjects rode an upper body ergometer 
for 4 minutes. A reviewer then led the subject in the 
performance of stretches of the neck and shoulder. 
Stretches were held for 15 seconds at the end ranges 
of right and left cervical sidebending (to stretch the 
upper trapezius), scapular protraction (to stretch the 

rhomboids and middle trapezius), shoulder horizon-
tal adduction (to stretch the posterior capsule), shoul-
der horizontal abduction (to stretch the pectoralis 
major), shoulder flexion with the elbow flexed (to 
stretch the triceps) and shoulder extension with the 
elbow extended (to stretch the biceps).

The skin was cleaned using an alcohol wipe and
then EMG surface electrodes were placed on the 
upper trapezius, middle trapezius, lower trapezius, 
and serratus anterior muscles on the self- reported 
non-dominant shoulder of the subjects as described 
by Michener et al.14 Manual muscle tests (MMTs) 
were performed on the upper trapezius, middle tra-
pezius, lower trapezius, and serratus anterior mus-
cles to determine maximal volitional contraction of 
the non-dominant arm. The upper trapezius MMT 
was performed as described by Kendall et al.15 In a 
sitting position, the subject elevated the arm and pos-
terolaterally extended the neck as the examiner 
applied pressure against the shoulder toward depres-
sion and against the head toward anterolateral flex-
ion. The MMT for the middle trapezius was performed 
with the subject prone, arm abducted to 90º, shoul-
der laterally rotated and the scapula adducted. The 
examiner applied pressure to the arm, proximal to 
the elbow, in a downward direction.15,16 The lower 
trapezius MMT was performed with the subject 
prone, arm in 145º of abduction, shoulder laterally 
rotated and the scapula adducted. The examiner 
applied pressure on the arm proximal to the elbow in 
a downward direction.15,16 The serratus anterior MMT 
was performed with the subject sitting in a chair with 
the arm flexed to 125º. As the examiner monitored 
the inferior angle of the scapula for internal rotation 
or anterior tipping of the scapula, pressure was 
applied on the arm, proximal to the elbow in a down-
ward motion. Pressure was adjusted throughout the 
test for any changes in scapular position to assure 
that the subject held the appropriate position.15,16 
Each MMT was performed three times with maximal 
resistance given for 5 seconds with a 20 second rest 
period between tests. The order of testing was ran-
domized prior to subject recruitment using a ran-
domization table. The mean EMG activity of the three 
trials was used to determine the maximal volitional 
contraction. All EMG data was collected using a Bio-
metrics DataLink (Biometrics Ltd, Gwent, United 
Kingdom).  
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Following the MMTs, subjects were instructed in 
how to perform D1 and D2 flexion and D1 and D2 
extension PNF patterns as per typical PNF theory. 
To perform the D1 flexion pattern, the subject started 
with the arm down by the ipsilateral side and brought 
it up toward the ear of the contralateral side moving 
through glenohumeral motions of flexion, adduc-
tion, and external rotation. The subject performed 
the D1 extension pattern by starting with their arm 
by the contralateral ear and bringing it down toward 
the ipsilateral side of the waist moving through the 
glenohumeral motions of extension, abduction, and 
internal rotation. The pattern of D2 flexion was per-
formed with the subject starting with their arm on 
the contralateral side of their waist and bringing arm 
up above the ipsilateral side of the head, a move-
ment which consisted of glenohumeral flexion, 
abduction, and external rotation. D2 extension was 
performed with the subject starting with their arm 
above the ipsilateral side of the head and bringing it 
down toward the contralateral waist, a motion that 
involved extension, adduction and internal rotation. 
Throughout all patterns subjects were instructed to 
keep the elbow in as much extension as possible and 
all instruction and trials were performed in a sitting 
position. Subjects continued to receive instruction 
until they could complete the patterns indepen-
dently and without verbal cues.

Following mastery of the patterns, the subjects per-
formed the patterns without resistance and then pro-
gressed to resistance using blue elastic resistance 
(The Hygenic Corporation, Akron OH). Blue elastic 
resistance was utilized by Lister et al17 and represents 
the midrange of resistances. To standardize the length 
of the elastic resistance for each individual, the dis-
tance between the anchor and the hand was equal to 
the length of the distance between the floor and the 
greater trochanter as measured with the individual in 
a standing position. For flexion patterns, one end of 
the elastic resistance was anchored to the floor by a 
research assistant and the other end held by the sub-
ject (see Figure 1 for D1 flexion with elastic resistance, 
see Figure 2 for D2 flexion with elastic resistance). 
For extension patterns, one end of the elastic resis-
tance was attached above the subject to an adjustable 
ceiling bracket and the other end held in the hand 
(see Figure 3 for D1 Extension with elastic resistance, 
see Figure 4 for D2 Extension with elastic resistance). 

At the start of the extension pattern with the arm in a 
position of flexion, abduction and external rotation, 
the length of the elastic resistance between the bracket 
and the hand was adjusted to equal the measurement 

Figure 1. D1 Flexion with Elastic Resistance.

Figure 2. D2 Flexion with Elastic Resistance.

Figure 3. D1 Extension with Elastic Resistance.
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of the torso (floor to greater trochanter) taken previ-
ously. Each pattern was performed three times at a 
self selected speed with a 20 second rest between 
each repetition. 

In addition to elastic resistance, subjects performed 
the D1 flexion and the D2 flexion patterns with a 
three pound dumbbell. Because the goal of this study 
was to measure activation of the scapular during 
common exercises and not to result in muscle 
fatigue, the weight of the dumbbell was selected to 
avoid excessive loading of the rotator cuff. Carson18 
cautions against utilization of weights over 5 pounds 
due to stress on the rotator cuff and advocates 
weights of one through 5 pounds for specific rotator 
cuff rehabilitation exercises. To duplicate typical 
clinical applications without rotator cuff fatigue, a 
midpoint of this suggested range (3 pounds) was 
used by all subjects in this study.  Patterns performed 
with a weight involved the same motions as described 
above (see Figure 5 for D1 flexion with a weight and 
see Figure 6 for D2 flexion with a weight) with the 
subjects completing three trials of each pattern with 
a 20 second rest between each trial.

Similar to the MMT, the order for patterns and resis-
tance was randomized before beginning the study 
using a randomization table. All data was collected 
during a single session.

Data Reduction 
Following collection, all raw EMG signals were full-
wave rectified and processed using a root-mean-
square algorithm with a 4-ms moving window. The 
mid three second time period of each five second 
MMT was recorded for each trial and the three trials 
averaged to provide the MVC for each muscle. The 
start and stop of each resisted activity was marked on 
the processed EMG signal and the mean EMG activ-
ity of each muscle during that time was recorded. To 
normalize values during the exercises, the EMG value 
during each exercise trial was expressed as a percent 
of the MVC value recorded during MMT (%MVC). 
The %MVC for each of the three trials was averaged 
and used for analysis.

Statistical Methods 
Separate one way ANOVAs were performed for UT, 
MT, LT and SA muscle activity to examine the differ-
ences in the percent maximal contractions between 
exercises. When a significant effect (p <.05) was found, 
comparisons of least square means with Bonferroni 
adjustment were completed to compare the various 
patterns and identify significant differences due to the 

Figure 4. D2 Extension with Elastic Resistance.

Figure 6. D2 Flexion with Weight.

Figure 5. D1 Flexion with Weight.
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type of pattern and the type of resistance used.  Fur-
ther analysis on each of the percent mean values was 
completed to examine additional factors that could 
have influenced the muscle activity including pattern, 
body mass index (BMI), age and gender. Backward 
regression analysis was used to further explain differ-
ences in the percent maximal activity of each of the 
scapular muscles. All analyses were completed using 
SAS Version 9.1 (SAS Institute Inc., Cary, NC). 

Results
Subject demographics are found in Table 1. Mean age 
was 25.4 years and the majority of the subjects were 
right hand dominant. The average BMI of 25.3 for the 
males is slightly higher than the 50th percentile of 
American males while the average BMI for females 
(22.6) falls within the normal range as proposed by 
the Centers for Disease Control and Prevention.19 

Mean ± standard error of the mean (SEM) values of 
the percent maximal volitional contraction (PMVC) 
for each muscle during each pattern are presented 
in Table 2. 

Upper Trapezius
One way ANOVA tests confirmed that upper trape-
zius %MVC values were significantly affected by pat-
tern (p=0.00). There were, however, no significant 

differences between the upper trapezius %MVC dur-
ing D1 flexion with a weight and during D1 flexion 
with elastic resistance. Similarly there were no sig-
nificant differences between %MVC of the upper tra-
pezius between D2 flexion with a weight and D2 
flexion with elastic resistance. In addition, there were 
no significant differences for upper trapezius %MVC 
between D1 and D2 patterns, D1 flexion with a weight 
was comparable to D2 flexion with a weight; D1 flex-
ion with elastic resistance was comparable to D2 flex-
ion with elastic resistance; and D1 extension with 
elastic resistance was comparable to D2 extension 
with elastic resistance.  The %MVC of the upper tra-
pezius, however, did show significant variation in 
activation between extension and flexion patterns. 
The %MVC of the upper trapezius during D1 exten-
sion with elastic resistance and during D2 extension 
with elastic resistance were both significantly less 
(p=0.00) than D1 and D2 flexion with elastic resis-
tance while only D2 extension with elastic resistance 
was significantly different than D2 flexion with a 
weight (see Figure 7). 

The additional factors of BMI, gender, and age were 
examined in order to determine their potential 
effects on UT mean EMG output values. A MANOVA 
and regression analysis were used to examine all 
data, demonstrating that BMI (p=0.00) and gender 
(p=0.04), independent of pattern, were significantly 
associated with UT mean values. As illustrated in 
Figure 8, female UT EMG activity was significantly 
greater than male activity during flexion patterns 
with elastic resistance. 

Middle Trapezius
Type of exercise significantly affected the %MVC out-
put produced by the middle trapezius (p=0.00) with 
the differences associated with the pattern, but not 
the type of resistance. There were no significant dif-
ferences in EMG output between the flexion patterns 
when subjects used different types of resistance; D1 
flexion with a weight was comparable to D1 flexion 
with elastic resistance and D2 flexion with a weight 
was comparable to D2 flexion with elastic resistance. 
Similarly, output during D1 extension with elastic 
resistance was not significantly different from D2 
extension with elastic resistance. However, there were 
significant differences between the %MVC output of 
the middle trapezius when different patterns were 
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performed. D1 flexion with a weight was significantly 
less than D2 flexion with a weight and D1 flexion with 
elastic resistance was significantly less than D2 flex-
ion with elastic resistance (p=0.00). In a comparison 
of flexion and extension patterns, the %MVC output 
of the middle trapezius was significantly greater dur-
ing D2 flexion with elastic resistance than during D1 
or D2 extension with elastic resistance. In contrast, D1 
extension with elastic resistance and D2 extension 
with elastic resistance were not significantly different 
than D1 flexion with elastic resistance, D1 flexion with 
a weight, or D2 flexion with a weight (p=0.00). 

Regression analysis revealed that age (p=0.78), gen-
der (p=.0.11) and BMI (p=0.46) were not significantly 

associated with middle trapezius %MVC output dur-
ing the exercises.

Lower Trapezius
Similar to the other parts of the trapezius, there were 
no significant differences between the %MVC output 
of the lower trapezius when similar patterns were 
performed with different types of resistance. D1 flex-
ion with a weight was similar to D1 flexion with elas-
tic resistance and D2 flexion with a weight was similar 
to D2 flexion with elastic resistance. However, the 
lower trapezius %MVC activity was significantly less 
during D1 flexion with elastic resistance and D2 flex-
ion with elastic resistance (p=0.05). Likewise, lower 
trapezius %MVC activity during D1 flexion with a 
weight was also significantly less than D2 flexion 
with a weight (p=0.05). The extension patterns did 
not significantly vary between D1 extension with 
elastic resistance and D2 extension with elastic resis-
tance. As with the middle trapezius, regression anal-
ysis revealed that age (p=0.17), gender (p=0.39) and 
BMI (0.88) were not significantly associated with 
lower trapezius %MVC output during the exercises.

Serratus Anterior
Unlike the other scapular muscles, the PNF pattern 
did not significantly affect the serratus anterior 
%MVC output. There were no significant differences 

Figure 7. Electromyographic (EMG) Activity of the 
Scapular Muscles during Exercises. EMG activity of each 
scapular muscle is expressed as a percent of the mamimal 
volitional contraction (MCV) as measured during manual 
muscle testing of that muscle. Values are reported for each of 
the exercises: D1 Extension with elastic resistance (D1ET), 
D1 Flexion with elastic resistance (D1FT), D1 Flexion 
with a 3 pound weight (D1FW), D2 Extension with elastic 
resistance (D2ET), D2 Flexion with elastic resistance (D2FT) 
and D2 Flexion with a 3 pound weight.

Figure 8. Electromyographic (EMG) Activity of the 
Upper Trapezius (UT) by Gender. EMG activity of the UT 
is expressed as a percentage of the mamimal volitional 
contraction (% of MVC) of the UT. The % of MVC is 
reported for each of the exercises: D1 Extension with elastic 
resistance (D1ET), D1 Flexion with elastic resistance 
(D1FT), D1 Flexion with a 3 pound weight (D1FW), D2 
Extension with elastic resistance (D2ET), D2 Flexion with 
elastic resistance (D2FT) and D2 Flexion with a 3 pound 
weight. Female values were signifi cantly higher than male 
value during D1FT and D2FT.
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between %MVC output during any patterns or 
between the types of resistance (p=0.85). Values for 
the serratus anterior %MVC output had a relatively 
narrow range with a low of 42.5% of the MVC during 
D1 extension with elastic resistance to a high of 
50.0% of the MVC during D1 flexion with elastic 
resistance. Although the type of pattern and resis-
tance did not explain variations in serratus anterior 
%MVC, regression analysis did reveal that gender 
was a significant factor (p=0.00) in explaining differ-
ences among SA values.

DISCUSSION
The use of elastic resistance and free weights during 
shoulder exercises is widely recommended as part 
of shoulder rehabilitation programs20-22 yet little evi-
dence is available to guide the clinician in determin-
ing which type of resistance or pattern of exercise 
may be optimal. The results of this study indicate 
that the pattern of the exercise chosen to be per-
formed during shoulder complex diagonal exercises 
may be more crucial to the muscular activity pro-
duced by the scapular muscles than the selection of 
a weight or of elastic tubing as the type of resistance. 
In the current study, the %MVC output was not sig-
nificantly different for any of the scapular muscles 
tested when a weight was used versus elastic resis-
tance. However, the different diagonal patterns did 
alter the EMG output of the various portions of the 
trapezius muscle, indicating that attention be paid to 
the type of diagonal pattern that is selected.

The finding that the %MVC of the scapular muscles 
was similar when using a weight and when using elas-
tic resistance is consistent with past studies.12,23-25 In 
the current study, this was demonstrated when per-
forming PNF diagonal patterns of the upper extrem-
ity. While little research exists which directly compares 
two types of resistance during diagonal patterns sev-
eral studies have compared the output of muscles 
when exercising with weights and with elastic resis-
tance.12,23 Measuring EMG output, Andersen et al 
reported no significant differences in the trapezius, 
medial deltoid, or infraspinatus activity when subjects 
performed a lateral raise with a dumbbell and with 
elastic tubing, demonstrating only an increase in activ-
ity as the resistance of both were increased.12 Measur-
ing torque output using an isokinetic dynamometer, 

Page et al also found no difference in the production 
of eccentric torque at faster isokinetic speeds (180º/
sec) in a group of subjects trained with dumbbells 
when compared with a group of subjects trained with 
elastic resistance.23 Differences in torque output were 
reported at the slower speed of 60º/sec23 suggesting a 
varied effect of exercising with elastic resistance and 
exercising with weights. The use of isokinetic torque 
production by Page and associates as an outcome mea-
sure is difficult to compare to the isolated EMG %MVC 
output of specific scapular muscles used in the cur-
rent study. In addition, it is difficult to determine if 
isolated scapular activity would show similar or differ-
ent results after a training period. Further investiga-
tion, however, of the changes in the scapular muscle 
%MVC outputs after training with various resistive 
methods is warranted.  

Differences in scapular muscle EMG activity when 
using cuff weights versus theraband were reported 
by Lister et al.17 They reported significantly greater 
activity of the upper trapezius, lower trapezius, and 
serratus anterior during shoulder flexion to 90º and 
shoulder abduction to 90º when elastic resistance 
(blue) was used as opposed to a cuff weight (1.1 kg). 
While the amount of resistance may be similar 
between the current study and the study by Lister et 
al, the motions which were examined and the meth-
ods used to normalize EMG values differed. The pre-
vious study modified traditional manual muscle tests 
for the lower trapezius and the serratus anterior by 
performing both in standing while the current study 
utilized the descriptions from Kendall et al.15 Such a 
change could alter the percent of the MVC output 
and prevent a direct comparison between the values 
reported in that study and the current investigation. 

Values of the %MVC output for the scapular muscles 
found in this study ranged from a low of 15.9% of 
the MVC of the middle trapezius during D1 exten-
sion with theraband to a high of 68.5% of the MVC of 
the upper trapezius during D2 flexion with elastic 
resistance. In a 1992 study by Mosely et al, elevation 
of the humerus in the scapular plane resulted in 
%MVC values of 54%, 60%, 91% and 84% for the 
upper trapezius, lower trapezius, middle serratus 
anterior and lower serratus anterior respectively 
when using a self-selected free weight resistance 
which varied between 3 and 30 pounds.8  As expected, 
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the output produced by Mosley’s subjects are not 
similar to the 53.2%, 32% and 44.6% for the upper 
trapezius, lower trapezius and serratus anterior 
found in this study where the resistance was limited 
to one level of elastic resistance and the pattern 
involved different arm movements at the shoulder 
complex. Although the humeral positions were not 
monitored in the current study, efforts were made to 
assure the subject completed the pattern in a true 
diagonal and not into positions of full flexion or 
abduction. Movement out of diagonal planes could 
potentially alter the amount work required by the 
scapula and influence the stabilization efforts 
required to maintain its position. Differences in 
muscle activity during elevation in the scapular 
plane and D2 flexion would be expected. 

Myers et al studied a movement that was multipla-
nar.10 Referred to as throwing acceleration, this move-
ment started with the glenohumeral joint in full 
external rotation and abduction with the elbow at 90º 
of flexion. Elastic tubing was held in the hand and sur-
face EMG recordings were taken as the subject moved 
the arm across the body as in the acceleration phase of 
throwing and then returned the arm to the original 
position. Described by the investigators of that study 
as being a D2 flexion pattern, measurements were 
expressed as %MVC which was determined by per-
forming maximal volitional contractions of each mus-
cle prior to the measurement during exercise. The 
EMG activity for the serratus anterior was reported to 
be 55.5% of the MVC.10 This is slightly higher than the 
amount recorded in the current study but as indicated 
above, the starting and ending positions were different 
as was the resistance used during each study. Ekstrom 
et al9 also reported %MVC of the trapezius and serra-
tus anterior muscles in a position similar to D2F. After 
determining a five repetition maximum (5 RM) for 
each subject, each subject lifted 85%–90% of their 
5-repetition maximum during an overhead arm raise 
in the prone position. The overhead arm raise used in 
their study, a traditional MMT position for the lower 
trapezius, included testing the arm in line with the 
fibers of the lower trapezius, a position that is similar 
to D2F in that the end position includes shoulder 
flexion, abduction, and external rotation. Ekstrom 
et al found %MVC values during their tested move-
ment at 79%, 101%, 97% and 43% for the upper trape-
zius, middle trapezius, lower trapezius and serratus 

anterior respectively. These values are considerably 
higher than the measurements in the current study 
but are likely explained by changes in the amount of 
resistance. The three pound weight used in the cur-
rent study would not have approached the five repeti-
tion maximum in the study by Ekstrom and associates. 
In addition, the variation in the positioning of the body 
may account for differences in reported %MVC. The 
values reported by Ekstrom and associates were 
obtained in a prone position while the current study 
was performed with subjects in a sitting position. The 
effects of gravity on the arm could have altered the 
activation patterns of the scapular muscles contribut-
ing to the lack of consensus between the two studies. 

While a true D1F pattern has not been investigated 
in other studies to the authors’ knowledge, Ekstrom 
et al studied upper and lower serratus anterior EMG 
activity as maximal manual resistance was applied in 
a position of shoulder flexion, horizontal adduction 
and external rotation. A %MVC of 66% for the upper 
serratus anterior and a %MVC of 73% for the lower 
serratus anterior were reported for this static posi-
tion. This position is similar to the end position of 
the D1F pattern which, in the current study, resulted 
in a mean %MVC of 50% for the serratus anterior 
(not assessed as upper or lower portions). Variations 
in EMG placement could explain the differences in 
activity as well as differences in the amount of pres-
sure and the performance of a maximal end range 
contraction versus a dynamic contraction.26

Application to clinical practice
While some discrepancies with previous literature are 
noted due to varying position and resistance, the results 
of this study can assist in the selection of diagonal pat-
terns that maximize or minimize EMG activity.

The D2 flexion pattern with elastic resistance consis-
tently activated all of the scapular muscles at levels 
that were 40% of the MVC. In addition, because D2 
flexion with a weight was not significantly different 
from D2 flexion with elastic resistance, it could be 
utilized to achieve similar levels of muscular activity 
regardless of type of resistance. While activation of 
all scapular muscles may be desired, in some clinical 
conditions, inhibition of the upper trapezius may be 
recommended to avoid excessive scapular elevation 
during overhead movements.27,28 If the goal is to mini-
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mize upper trapezius activity, while eliciting activation 
of the remaining scapular muscles, the use of D2 exten-
sion with elastic resistance may be the preferred clini-
cal choice. The D2 extension with elastic resistance 
yields among the lowest upper trapezius %MVC out-
put yet is accompanied by serratus anterior activity 
that is comparable to all of the other patterns. In addi-
tion, D2 extension using elastic resistance as performed 
in the current study resulted in the third highest %MVC 
for the middle trapezius and lower trapezius.  

Interestingly, the patterns of activation of all three tra-
pezius muscles between patterns and between types 
of resistance were remarkably similar (see Figure 7). 
The upper, middle and lower trapezius exhibited con-
sistently higher %MVC output during the D2 flexion 
pattern with either elastic resistance or a weight, inter-
mediate output during the D1 flexion pattern with 
either elastic resistance or a weight and the lowest 
level output during the D1 and D2 extension patterns.  
This is in contrast to the serratus anterior, where simi-
lar %MVC output values were produced regardless of 
pattern or resistance. Selection of a pattern to activate 
the serratus anterior may be guided by the need to 
maximize or to minimize activity of the remaining 
scapular muscles. For the clinician seeking to isolate 
the serratus anterior, the results of this study suggest 
that a D1 extension pattern with elastic resistance 
would provide equal %MVC to the D1 flexion pattern 
but without the higher levels of trapezius activity.  

Limitations
The data collected in this study is limited by the pop-
ulation studied, the use of surface EMG as a mea-
surement of muscle activity and the type of resistance 
used. The population included healthy subjects with 
no attempt to determine the influence of regular 
exercise, past sports related activities, or current fit-
ness levels. However, muscle activity was compared 
as a % of an individuals’ MVC which can compensate 
for differences in baseline strength and capacity. 

The selection of the amount of resistance in this study 
may have also influenced the results. Clearly, a three 
pound weight would not be a maximal amount of iso-
tonic resistance for all of the subjects nor would blue 
elastic resistance be maximal elastic resistance. How-
ever, the amount of resistance used likely falls within 
the ranges of resistance utilized during rehabilitation 

of individuals with scapular and shoulder dysfunc-
tion. Future studies could standardize this amount by 
using a dynamometer to objectively determine the 
force production of the muscles of each subject, and 
then incorporate a calculated isotonic resistance dur-
ing performance of the movements being studied. 
Some variation, even with this alternative methodol-
ogy, would be expected as diagonal patterns are three 
dimensional and consistent resistance in all three 
planes would be questionable. The submaximal 
amount of resistance in this study may have been 
adequate in identifying contraction patterns and to 
be used in support of exercise selection.

In regards to the use of surface EMG to measure 
muscle activity, this methodology certainly exposes 
data collection to the possibility of cross talk between 
muscles. However, the use of EMG to record superfi-
cial muscles is well accepted29 and common in reha-
bilitative research.9,10,12 

CONCLUSIONS
This study supports the use of a D2 flexion pattern 
with elastic resistance or with a weight to achieve the 
greatest activation of the upper trapezius, middle tra-
pezius, lower trapezius and serratus anterior mus-
cles. If minimization of upper trapezius activity with 
maximization of the lower trapezius and serratus 
anterior is desired, a D2 extension pattern with elas-
tic resistance is recommended. Isolated activation of 
the serratus anterior with minimization of activation 
of all parts of the trapezius muscle occurred during 
D1 extension with elastic resistance.
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